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Abstract 
According to the magnetic interaction energy of the magnetic particles of magnetorheological fluids, the physics 
model of magnetic particles was established. The physics mode of a certain number evenly distributed magnetic 
particles was simulated by using Monte Carlo method. The location changes of magnetic particles were emphatically 
researched in the magnetic field. The simulation results show that the chain or column structure of magnetic particles 
was formed along the direction of magnetic line in the external magnetic field. The simulation with experimental 
results are consistent, thus the effectiveness of the proposed method was preliminarily proved. 
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1. Introduction 
Magnetorheological fluids are a kind of solid-liquid two phase functional materials that the form and 
performance was controlled and constrained in additional magnetic field. It is shown as flow good 
Newton fluid in no additional magnetic field, but the fluid rheological properties occur great changes 
under the action of the additional magnetic field. The fluid rapidly solidified and loses liquidity. The 
transformation of rheological properties is controllable and reversible that magnetorheological fluids have 
broad application prospects in aviation, aerospace, automotive industry, hydraulic transmission, 
biotechnology, medical care and other field [1]. 
The rheological properties depends on its microstructure, thus to understand the mechanism of MRF, 
we need to strengthen research the form and evolution of microstructure [2]. Currently, there are a lot 
about the numerical simulation method and theory of the MRF microstructure. The shape and structure of 
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chain was analyzed by using molecular dynamics in the rotating magnetic field [3]. The dynamics of 
aggregated chains in magnetorhelogical suspensions subject to rotating magnetic fields are experimentally 
studied combining scattering dichroism and video microscopy experiments [4]. The Cluster chain was 
analyzed using the maximum entropy technique [5]. However, the magnetic particles into chain process of 
the dynamic evolution were few simulation and detailed analysis in these simulations. Therefore, it needs 
further study and consummation. 
The magnetic particles from the initial state of uniform distribution to a gradual preface alignment 
chain structure process were simulated by using Monte Carlo method in this paper. This research 
deepened to the understanding of the microcosmic structure of MRF. It provides the theoretical basis to 
prepare MRF. 
2. Monte Carlo simulations 
2.1. Model of particles 
The model is assumed that there are the numbers of particles N distributed homogeneously in a cube. 
r (xi, yi, zi) is the position of each particle. Monte Carlo (MC) simulated the position of magnetic particles 
by using the Markov chain concept [6-8]. If Pij is the transition probability from an old microscopic state 
Si to a new state Sj based on thermodynamic equilibrium. Pij is showed as follow: 
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Where ∆E is the energy of difference between an old microscopic state Si and a new state Sj . If the 
energy decreases (∆E<0) the magnetic particles can be moved. If the energy increases (∆E>0) the move is 
allowed with probability exp (-∆E /kT), otherwise the move is not allowed. The numbers of particles N 
were moved, and then repeated until the required number of statistical configuration. 
2.2. The calculation of energy 
The energy of magnetic particles has six components that the Gravity gradient energy, the 
magnetostatic energy, the interaction energy of the particles, the energy of thermal motion, and the 
Surfactants molecules produced resistance energy, the Van der Waals energy and the magnetic energy. 
But the gravity gradient energy and the energy of thermal motion are a constant.  Another, the effect of 
Van der Waals energy is weak. So the magnetostatic energy (EH), the interaction energy of the particles 
(EM) and the Surfactants molecules produced resistance energy (ER) will be considered, which can be 
calculated by the following equations [9-10]:  
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Where m is the magnetic moment of magnetic particles, H is the strength of magnetic field, μ0 is the 
permeability of free space, rij is the magnitude of the vector rji  drawn from particles i to j, mi and mj is the 
magnetic moments of particles i and j, d is the diameter of particles, ε is surfactant molecules per unit area 
of particle surface, b=2δ/d, δ is the length of surfactant molecules, h=2s/d, s is the surface distance of the 
particles i and j. 
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 The energy of a particle and total energy of fluid can be expressed by the following equations: 
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2.3. Computer simulation 
The magnetic particles were simulated using Monte Carlo method, which the flow chart of computer 
simulation is as shown follow: 
           
Fig.1.The flow chart of computer simulation 
Where: ∆E=EM+1-EM can determine particles whether it moves or not, R is a random number 
The selection of random number for simulation results has important influence. The congruence 
method can produce a good random numbers. Recursive formula is shown as follows: 
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Where: λ is multiplier; c is increment; M is modulus. 
The position of magnetic particles were moved, which the formula is shown as follows [11]: 
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Where: ε1, ε2, ε3 is random numbers; σ is the maximum displacement value of magnetic particles, 
which cannot too large or too small. 
2.4. Model of particles 
In this paper, we consider computing time and computer performance applied Monte Carlo method. 
The number of particles is taken as N=80. The thickness of the steric layer is expressed as δ= 0.15d. 
T=300k is the absolute temperature of the fluid. The dimension of particle d=7.5nm. The strength of the 
magnetic field H=600A/m. The strength of the particle–particle magnetic interactions M=150A/m. 
3. Results and discussion                                     
In this section, Fig.2 (a) shows the particle uniform distribution of two-dimensional computer model 
in a zero magnetic field. Fig.2 (b) shows the distributions of particles in the magnetic field (H=600A/m). It 
is thus clear that the particles transform from the uniform distribution Fig.2 (a) to the chain structure Fig.2 
(b). The chain structure of magnetic particle is the same as the direction of magnetic field. Also this means 
that the rheological properties of fluid were changed. 
 
Fig.2.The influence of magnetic field for the distributions of particles (a) H=0, (b) H=600A/m. 
In order to indicate the structure of magnetic particles, the three-dimensional magnetic particles 
model was built. It is illustrated in Fig.3. 
 
Fig.3.The effects of magnetic field for the three-dimensional magnetic particles model (a) H=0, (b) H=600A/m 
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4. Conclusion 
The microstructure of magnetic particles was simulated by using Monte Carlo method. The chain of 
magnetic particles was formed in the magnetic field, for increased particle–particle interactions. Because 
the action of the magnetic force on the particles, the chain structure of magnetic particle is the same as the 
direction of magnetic field. Another, the total energy of the system is reduced, for the viscous damping 
that the parts of energy is converted to heat energy and dissipate. In this paper, the process of the magnetic 
particles into chain was studied by using Monte Carlo method. The study is useful in the preparation and 
application of magnetorheological fluids. 
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